Abstrak
Knee osteoarthritis (OA) affects a substantial proportion of patient over the age of 55 seeking advice to a physician. 1 Increasing life expectancy and body mass index are likely to increase this proportion over the years. Conservative treatment in mild knee OA includes lifestyle changes, physical, and pharmacological therapy. Severe cases of knee OA however, can be disabling rendering the patient unable to perform daily activities. 2 Severe pain and functional disability on late OA are the primary indication for total knee replacement (TKR). 3 TKR is the treatment of choice due to its ability to return the patients to their former activity. In the United Kingdom, between the year 1991-2000, around 33 .000 TKRs were performed each year. Last year, however, this figure has increased over 58.000 surgeries. 4 TKR itself is not a risk free procedure. Complications such as infection and deep vein thrombosis still lurk after TKR surgery. Patients must also prepare for revision surgery 10-15 years later. 5 Therefore endeavours to seek better treatment never ceased.
An alternative treatment that alleviates pain and increase the joint function would be quite beneficial. A biomechanical approach for OA under research is by means of unloading. 6 Joint distraction also known as distraction arthroplasty is an alternative based on that principal, a relatively less invasive and less costly alternative. Long term efficacy of distraction arthroplasty on ankle joint OA gives hope to similar approaches towards knee OA. 7 Several theories becomes the basis for this treatment alternative. It is mentioned that the articular cartilage on OA has repair activities. 7 The repair activity will be more efficaceous when the mechanically damaged cartilage is unloaded thus preventing further damaged. 6 Intermitten synovial pressure also plays a role by reducing catabolic cytokins IL-1 and TNF-α and increasing proteoglycan production.
8,9
Distraction arthroplasty attempts to generate a conducive environment for the articular cartilage by relieving mechanical stress whilst providing intermittent synovial pressure. This will eventually shift the balance from deterioration towards repair thus breaking the destructive cycle of OA.
7-10
Nevertheless, there still in-adequate data showing that repair does happen after distraction arthroplasty. Several animal studies show different results.
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It has only been performed on a pilot study on humans.
15 Some authors also doubt the efficacy of this method.
16
This research aims to study the anatomical and histopathological changes after distraction arthroplasty on osteoarthritic animal models. This research used the goat animal model because it has similar biomechanics to human knee. 17, 18 Animals of this genus is said to have a congruency in one third of the human knee size.
19
The goat also has thicker and easier to study cartilage, and relatively cost effective.
18,20

METHODS
This research was conducted in a post-test only with control group experimental design. The controls used were the contra-lateral joints. The research was carried out for six months using the facilities at the Institut Pertanian Bogor (IPB) Veterinary Teaching Hospital.
Subjects
Ten male goats (Capra aegagrus hircus) aged 2 years weighing 25-30 kg were used in this research. 21 The intervention group was the left stifle joints of the subjects and the control group was the right stifle joints. These goats were kept in three moderate animal cages sized 5 x 5 m 2 and stayed for two weeks without intervention for acclimatization. All subjects underwent anteroposterior radiography to ensure there are no previous pathologies.
OA induction
Induction into OA for the animal models was performed by means of lateral meniscectomy. Both stifle joints of the subjects were meniscectomized and awaited for six weeks. Lateral meniscectomy is chosen to induce OA due to its proven efficacy.
22-24
Distraction
The distraction device used in this research was the peri-prosthetic external fixator device designed by Ismail Hadisoebroto Dilogo (patent pending) consisting of a rod and two holders. The device was placed transarticularly through the knee joint at the lateral side (Figure 1) . The device was then distracted 3 mm more than the normal joint in extension position as the lowest load in a stiffle joint. 25 Distraction was performed for four weeks.
Evaluation
After four weeks of distraction, the peri-articular external fixation devices are removed. The anatomical changes were then evaluated using the International Cartilage Repair Society (ICRS) classification. 26 Afterwards the cartilages from the proximal tibias are harvested and stained using haematoxylin-eosin and evaluated using Osteoarthritis Research Society International (OARSI) osteoarthritis cartilage histopathology assessment system which yields scoring from grading multiplied by staging. 
Statistical analysis
The nature of the grading and scoring used in this research were semi-quantitative. Therefore, statistical analysis were performed using the Wilcoxon ranksum test.
Ethical clearance
The methods above was proposed and reviewed for ethical approval beforehand. Ethical approval was obtained from the Animal Care and Use Committee IPB Veterinary Teaching Hospital number 04-2011 RSH-IPB.
RESULTS
Anatomical changes
The anatomical changes after removal of the periarticular external fixation device were evaluated using ICRS. They are shown in table 1.
The results show worsening at the distraction group as indicated by higher grades of ICRS ( Figure 2 
Histopathological changes
After anatomical evaluation, OARSI staging is performed by measuring the horizontal extent of cartilage involved. The cartilages are harvested and stained using haematoxylin-eosin from which grading is obtained. Scoring is then performed by OARSI using scoring system which are obtained by multiplying the staging and grading. Results are shown in table 2.
Histopathological scoring using OARSI score show similar results with the anatomical grading using ICRS. The distraction group show worsening as shown by the higher score coparet to control group (10 vs 6; p < 0.02).
ICRS grade
DISCUSSION
Animal model
Some studies showed that small and medium animals were frequently used, yet there has never been a study on distraction using the goat model. [12] [13] [14] The choice of medium sized animals, goat stifles, in this study was based on their biomechanical similarities with the human knee. 18, 25 The stifle joint of this genus is said to be congruent to one third of the human knee. 19 Lateral meniscectomy was chosen to induce OA due to its efficacy.
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Distraction arthroplasty
Distraction arthroplasty was based on the theory that the articular cartilage in OA has self repair activity.
7,10
It is expected that by distraction, the mechanically Table 2 . Staging and grading using OARSI system which yields scoring
Figure 3. Graph showing median comparison of OARSI scores between the two groups
damaged cartilage is unloaded, therefore preventing further damage. 6, 28 The intermittent synovial pressure is maintained by external fixation allowing minute movement, that was proven in vitro to reduce the production of catabolic cytokines IL-1 dan TNF-α and increase proteoglycan synthesis. 8, 9, 29 This could also trigger growth factors stimulating cartilage repair.
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Long term beneficial results of ankle distraction have been reported. 7, 10 Several animal studies using external fixation show the same results. 12, 13 The latest report of an open one year pilot study from the pioneers of knee distraction arthroplasty also yields beneficial result. 15 Several literatures, however, doubts the biological basis for this treatment, due to the long known fact that joint immobilization damages the articular cartilage.
Karadam et al reported no beneficial effects of distraction on a study using rabbits.
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On this research, the anatomical and histopathological results show worsening as evaluated by the respective grading and scoring (p < 0.05). Therefore, a significant difference exists between the control and intervention groups though the result was the other way around. Instead of inducing repair, the distraction arthroplasty on this research worsens the OA.
The first principle of unloading in this research has been fulfilled by a 3 mm distraction.
14 The position of external fixation is on the lowest load of the goat stifle. 25 The use of external fixation not allowing flexion and extension as the previous studies did, to give intermittent hydrostatic pressure could be the culprit of worsening.
12-14 However, the study by Karadam et al using a device allowing flexion and extension still gave no benefits. 11 Theoritecally, the opposite result in this research could also happen due to continuous distraction on a moving joint causes chondrocytes morphological changes inducing changes in celluler biochemistry and matrix metabolism.
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Obtaining histopathological preparations immediately after distraction, instead of allowing weight bearing first, also affects the results, as shown in the result difference in two rabbit model studies.
11,13
Strength and limitations
The strength of this research would be the use of larger animal models mimicking the human knee. 17, 19 The controls used in this research were the contralateral stifle joint, thus other than the intervention; both groups receive the same treatment. A possible bias would be more use of the control group by the subject therefore the control show worse results, which did not happen in this research. Other researches also use contralateral joints on OA research.
11,32
Limitations of this research were the distraction device design and research time. The design allows distraction and oscillation, but the oscillation is not measurable to give the intermittent fluid pressure meant for this research. 8, 9, 15 The time in this research was relatively short compared to other researches showing benefits after long periods post-distraction. 13, 15 In conclusion, the use of monoplanar distraction in this research needs to be redesigned to give adequate oscillation to provide intermittent hydrostatic pressure, thus yielding better result. 12, 13 Further research should be also performed on how much intermittent hydrostatic pressure is adequate to induce cartilage repair. 8, 9, 33 Distraction arthroplasty as an alternative treatment still requires further research on animal models before clinical studies can be performed on human subjects due to lack of solid biological basis.
